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Apstract—We collected 58 species of caddisflies representing 30 genera and 16 families during a 5-
year period in Oak Creek, Coconino Co., Arizona. This is the largest number of species of caddisflies
reported in any drainage in Arizona and includes >50% of species reported from the state. Species
assemblages changed dramatically along the 767-m descent of Oak Creek over a 70-km distance.
Discharge records suggest reduced winter and spring surges of water and increased embeddedness of
the channel have caused changes in assemblages of caddisflies in Oak Creek over the past several
decades. Increased numbers of hydroptilids, hydropsychids, and leptocerids have replaced limnephi-
lids. We conducted a 2-year phenological study at monthly intervals at two sites separated by <400 m in
elevation and a distance of 14 km. Spring surges of water played a selective role in larval success and
ultimately in number and composition of captures of adults between years. We increased the number of
recorded species of caddisflies to 109 in the state. A baseline on assemblages of caddisflies was provided
for monitoring changes in health of ecosystem in Oak Creek during the predicted, long-term drought
in the Southwest.

Resumen—Cincuenta y ocho especies de Tricoptera de 30 géneros y 16 familias fueron colectadas
durante un periodo de 5 anos en Oak Creek, condado de Coconino, Arizona, EE.UU. Esta es la mas alta
cantidad de especies de Tricoptera reportada en cualquier desagtie en Arizona e incluye > 50% de las
especies reportadas en el estado. Los ensamblajes de especies cambiaron dramaticamente a lo largo del
descenso de 767 metros en la distancia de 70 kilometros de Oak Creek. Registros de descarga sugieren
inundaciones invernales y primaverales reducidas y el aumento de la sedimentaciéon del lecho han
cambiado los ensamblajes de Tricoptera en Oak Creek en las Gltimas décadas Numeros mayores de
individuos de hydroptilidae, hydropsychidae, y leptoceridae han reemplazado limnephilidae. Un
estudio fenologico de dos anos fue conducido en intervalos mensuales en dos sitios separados de <
400 m de elevacion y una distancia de 14 km. Inundaciones primaverales tuvieron un papel de
seleccion en el éxito de la larva y eventualmente en la composicion y el nimero de adultos capturados
entre anos. Se aumento el nimero de especies de Tricoptera registradas en el estado a 109. Se
proveyeron datos de base de ensamblajes de Tricoptera para monitorear cambios en la salud del
ecosistema en Oak Creek durante la sequia pronosticada a largo plazo en el suroeste de los EE.UU.
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There are few published studies on distribu-
tion of aquatic insects in Arizona although the
state has a variety of perennial and ephemeral
streams meandering through mountainous re-
gions to low desert landscapes (Blinn and Poff,
2005). Houghton (2001) reported 51 species of
caddisflies in 14 stream sites in the Apache
National Forest in eastern Arizona, and Blinn
and Ruiter (2006) recorded 104 species in 93
stream sites throughout Arizona.

Oak Creek is a major tributary of the Verde
River and is one of a few perennial streams in the
high-desert region of the Southwest. Historically,

snowmelt delivered high spring flows (February—
April) through Oak Creek, but these events are
becoming fewer due to reduced snowfall in the
region (http://www.wcc.nres.usda.gov/snotel).
Spring flows in Oak Creek averaged 4.1 m3 s~!
(SE = 1.7) over the past decade compared to
nearly 7.1 m3 s=! (SE £ 1.7) over the previous 3
decades (http://waterdata.usgs.gov/nwis). Fur-
thermore, annual precipitation and discharge
have decreased by 9 cm and 0.6 m? s~!, respec-
tively, in the past decade. Hereford (2007) also
reported winter moisture has been below average
in 11 of the past 12 years in Flagstaff. Maximum
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TaBLE 1—Location, elevation (m), and percentage embeddedness of channel at seven sites along Oak Creek,

Coconino Co., Arizona.

Site Location

Elevation (m) Embeddedness (%)

Sterling Springs Fish Hatchery
Pumphouse Wash

Pine Flats Campground

West Fork Confluence

Indian Gardens

Sedona

Page Springs

35°01.48N, 111°44.30W
35°15.10N, 111°44.10W
35°01.67N, 111°73.94W
34°59.45N, 111°44.05W
34°91.39N, 111°72.64W
34°51.36N, 111°47.21W
34°45.89N, 111°45.08W

1,820 <25
1,731 <25
1,676 <25
1,647 <25
1,401 25-50
1,372 25-50

983 51-75

flows in Oak Creek over the past half-century
were recorded in February 1980 when floodwa-
ters reached nearly 748 m3 s=! (Tadayon et al.,
2001). These periodic floods are instrumental in
the community structure and ecological process-
es in desert streams such as Oak Creek (Fisher
and Grimm, 1988). Presently, Oak Creek has one
of the highest diversities of aquatic insects in the
state (P. Spindler, in litt.).

There were several earlier studies on aquatic
insects in Oak Creek (May, 1972; Parrott, 1975;
Scott, 1982; Dehoney and Gaud, 1983), and
more recently by Moulton et al. (1994). These
studies were based on larval determinations or
one-time collections. M. W. Sanderson made
extensive light-trap collections in Oak Creek
during 1976-1984. Specimens are housed in the
Illinois Natural History Survey in Champaign.

There is no published phenological study on
caddisflies in the southwestern United States.
However, Bowles et al. (2007) studied distribu-
tion of assemblages of caddisflies in eight large
springs and spring-runs in central Texas. We
examined phenology of adult caddisflies in Oak
Creek at monthly intervals at two elevations
during January 2002-December 2003. Discharge
of stream, temperature of water and air, and
embeddedness of channel were measured dur-
ing each site visit. We also sampled assemblages
at five additional elevations from headwaters of
Oak Creek to <10 km of its mouth at the Verde
River during 2001-2005. Comparisons of health
of the channel based on assemblages of caddis-
flies according to levels of tolerance established
by Barbour et al. (1999) and Blinn and Ruiter
(2006) are discussed. An updated list of species
and phenology of selected taxa are provided as a
baseline for future inventories in this vulnerable
aquatic resource. The Oak Creek system, as well
as other streams, may be in jeopardy based on

the extended drought predicted for the Ameri-
can Southwest by Seager et al. (2007).

MaTtErIALS AND METHODS—QOak Creek flows through
Oak Creek Canyon and rapidly descends 767 m over
70 km from its headwaters at Sterling Springs to its
mouth at the Verde River. Spring flows were <8 m3 s~!
during the study, except in March 2003 and February
2005, when flows reached 50 and 163 m? s~!, respec-
tively (http://waterdata.usgs.gov/nwis). Summer base
flows were typically <1 m3s—1.

Table 1 provides locations and embeddedness of
channel for seven sites examined at different elevations
along Oak Creek during 2001-2005. Dramatic changes
in predators, canopy cover, and characteristics of the
channel occur along the 70-km gradient. Omnivores
such as crayfish (Orconectes virilis) increase downstream
from Indian Gardens to the mouth. Predaceous brown
(Salmo trutta) and rainbow (Oncorhynchus mykiss) trout
are abundant in upper sites of Oak Creek, while
largemouth bass (Micropterus) and carp (Cyprinus
carpio) are common at the lowest site (Aitchison,
1989). Riparian communities change from alder (Alnus
oblongifolia), Fremont cottonwood (Populus fremontii),
and Douglasfir (Pseudotsuga menziesii) with nearly
100% canopy cover at the upper sites to sycamore
(Plantanus wrightii), Gambel oak (Quercus gambelii), and
alder with <50% cover at Sedona, Coconino Co.,
Arizona, to a semi-desert grassland with little canopy
near the mouth.

Temperatures of water and air were measured with a
hand-held thermometer during each site visit and
general weather conditions were recorded. Embedded-
ness of channel was visually grouped into the following
categories at each site: 1, <25%; 2, 25-50%; 3, >50-
75%; 4, >75%. Stream flow was obtained at site
09504420 of the United States Geological Survey
(http:/ /waterdata.usgs.gov/nwis). This site was ca.
23 km from the source and 50 km upstream from the
mouth.

Adult caddisflies were collected with a vertical, 30-
cm, 8-watt, portable, ultraviolet light over a 19-L, white
porcelain bucket during June and July 2001-2005.
Light traps were placed near the stream 1 h after
sunset and retrieved after 3—4 h. All collections were
placed into 70% ethanol and sorted in the laboratory.

Monthly collections were made at Pumphouse Wash
and Indian Gardens during January 2002-December
2003 to monitor number and species of adults.
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Sampling occurred mid-month during clear weather at
flows <1 m3s~!, except on 12 September and 13
November 2002, when flows were ca. 10-11 m? s~ 1,
Differences in monthly temperatures of water and air
were compared between years with a Student’s ttest
with SYSTAT software (Wilkinson, 1989). A Sgrensen
similarity index (Sgrensen, 1948) was compared
between collections of caddisflies made by Sanderson
(1976-1984) and this study, and between assemblages
for sites along Oak Creek.

ResuLts—From >6,000 specimens at seven
sites along Oak Creek, Arizona, 58 species of
caddisflies representing 30 genera and 16 fami-
lies were identified (Table 2). Species richness of
caddisflies was greatest (40 taxa) at Indian
Gardens and lowest (14 taxa) at Pine Flats
campground (Table 2). Cheumatopsyche arizonen-
sis and Helicopsyche borealis occurred at all seven
sites, while Atopsyche sperryi, Ceratopsyche oslari,
Hydroptila arctia, and H. hamata occurred at six
sites along Oak Creek.

Hydroptilidae and Hydropsychidae were the
most diverse and abundant families throughout
Oak Creek (Table 2). Helicopsychidae and
Sericostomatidae were numerically important at
upper sites, while Hydropsychidae and Hydro-
ptilidae were important at lower elevations.
Species dominance changed from Ceratopsyche
venada, Gumaga griseola, and H. mexicana at
higher elevations to C. arizonensis, Hydropsyche
auricolor, and Hydroptila ajax at lower elevations.
Intermediate elevations were dominated by H.
borealis, H. arctia, and H. hamata. Helicopsyche
mexicana occurred at the top five sites, but was
absent at the lower two sites (Table 2). Leuco-
trichia limpia, M. nobsca, N. dorsalis, O. nigritta, and
P. balmorhea were collected only at the lowest site
with the highest embeddedness and warmest
water (Tables 1 and 2). Embeddedness in Oak
Creek ranged from <25% at upper sites to nearly
75% at the lowest site (Table 1). Water temper-
atures ranged from 8°C at the highest site in
winter to 23°C at the lowest site in summer.

No significant (P < 0.001) difference was
recorded in annual monthly water and air
temperatures between Pumphouse Wash and
Indian Gardens during 2002 and 2003, but
Indian Gardens had 5-7°C higher air tempera-
tures at onset of emergence periods in April and
May and higher embeddedness of channel
(Table 1). Mean annual water temperature for
both sites was 13.2°C; mean air temperature was
13.2°C (%£1.5 SE) for Pumphouse Wash and 17.6
°C (*x1.6 SE) for Indian Gardens. No adult
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caddisfly was collected at air temperatures
<12°C.

Sgrenson’s similarity index (was 0.545 for
assemblages of caddisflies between Sanderson’s
earlier collections (1976-1984) and our collec-
tions (2001-2005) in Oak Creek. Sgrenson’s
similarity index between Pumphouse Wash and
Indian Gardens was 0.649, and between Pump-
house Wash and the lowest site at Page Springs
was 0.271. The most significant drop in Sgren-
son’s similarity index (0.300) in Oak Creek was
between Sedona and Page springs.

Adult caddisflies were captured only May—
October at Pumphouse Wash and April-October
at the lower Indian Gardens site (Table 3).
Overall lower numbers of adults were collected
at Pumphouse Wash (1,378) than at Indian
Gardens (3,648) with 29 species at Pumphouse
Wash and 35 at Indian Gardens during 2002 and
2003. Lepidostomatids and limnephilids had
higher rates of capture at Pumphouse Wash,
while hydropsychids had higher rates of capture
of adults at Indian Gardens (Table 3).

Distinct spatial patterns also occurred within
genera between sites (Table 3). Helicopsyche
mexicana had more captures at Pumphouse
Wash, but H. borealis had higher captures at
Indian Gardens (Table 3). Hydroptila arctia had
high rates of capture at Pumphouse Wash and
Indian Gardens, but H. hamata was more
common at Indian Gardens. Also, Culoptila
moselyi, G. griseola, and Limnephilus lithus were
nearly restricted to the upper Pumphouse Wash
site, while H. auricolor, and H. occidentalis, and
Wormaldia arizonensis were nearly restricted to the
lower Indian Garden site over the 2-year period
(Table 3).

Although there was no significant difference
in temperatures of water and air between years at
either site during 2002 and 2003, there was a
striking difference in discharge. Discharge re-
mained near 0.01 m3s~! during winter and
spring 2002, but reached 47 m?®s~! in mid-
February and 50 m3s~! in mid-March 2003
(http://waterdata.usgs.gov/nwis).

Lower numbers of adults were collected at
both sites in 2002 (1,927) compared to 2003
(3,105) following the March surge of water.
Numbers of adults captured in June 2002 were
112 and 389 at Pumphouse Wash and Indian
Gardens, respectively, compared to 272 and 550
adults in June 2003. Numbers of adults captured
at Pumphouse Wash (215) and Indian Gardens
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HELICOPSYCHIDAE Pumphouse H. borealis
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F16. 1—Relative abundance of selected taxa of adult Helicopsychidae (Helicopsyche borealis and H. mexicanus) and
Hydroptilidae (Hydroptila arctia and H. hamata) without a spring surge of water (2002) and following a spring surge

of water (2003) in Oak Creek, Coconino Co., Arizona.

(696) also were higher in June 2005, following
the 163 m3 s~ 1 surge of water in February of that
year, than after the more constant spring flows in
June 2002.

Differences in number of adults captured also
occurred between years for several numerically
important species. For example, H. mexicana

made up 45% of the assemblage at Pumphouse
Wash in 2002, while H. borealis made up <5% of
the assemblage at this site (Fig. 1). After the
2003 spring surges of water, H. mexicanus was
nearly absent from both sites, and H. borealis was
dominant at Pumphouse Wash. Also, captures of
adult H. arctia increased at Pumphouse Wash
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after the 2003 surge of water, while H. hamata
decreased (Fig. 1).

Several other notable changes in composition
occurred between years. Oecelis disjuncla was
absent at both sites in 2002, but present at both
sites in 2003 after the spring surge of water
(Table 3). One-time pulses of Apatania arizona,
Oecetis arizonica, and Tinodes provo occurred at
Pumphouse Wash following the 2003 surge of
water, but not during 2002. Pulses for O. arizonica
and 7. provo also occurred following the 2005
spring surge of water.

DiscussionN—Spatial and temporal differences
in number and composition of captures of adult
caddisflies occurred at Pumphouse Wash and
Indian Gardens although there is <400 m
difference in elevation and Indian Gardens is
only 14 km downstream. The Sgrenson’s simi-
larity index also suggested that assemblages at
the two sites were not closely related. These
differences likely resulted from higher air
temperatures at the onset of emergence at
Indian Gardens. Composition of assemblages
between sites may also have been influenced by
higher embeddedness of the channel at Indian
Gardens. Pumphouse Wash had higher rates of
capture of adults for lepidostomatids and limne-
philids, while Indian Gardens had high rates of
capture for hydropsychids. Blinn and Ruiter
(2006) reported a greater percentage of lepidos-
tomatids and limnephilids in streams through-
out Arizona with a mean embeddedness of
channel <10%, while streams with >32% had a
greater proportion of hydropsychids. Barbour et
al. (1999) reported hydropsychids to be more
tolerant of poor water quality than lepidostoma-
tids and limnephilids.

Striking differences between years with and
without surges of water suggest these events play
an important selective role in larval success and
ultimately in number and composition of cap-
tures of adults. Anderson (1997) determined
that emergence of caddisflies was coordinated
with predicted surges of water and conditions of
flow in stream channels in western Oregon.
However, biotic interactions such as predation
and competition may play a larger role in
shaping structure of community in predictable
flow regimes (Ward, 1992). Spring surges of
water are important especially in reducing
embeddedness of channel after base flows of
the previous summer. Over time, channels
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become increasingly more embedded without
these natural conditioning events. Surges of
water also purge stream channels of high
nutrient loads that accrue during base flows in
summer. This is important especially in Oak
Creek because high recreational demands in
summer raise bacterial counts and nutrient loads
in the system (Poff and Tecle, 2002).

In addition to those species collected in this
study, Moulton et al. (1994) collected 22 females
of Oxyethira during August 2002 at Indian
Gardens and adults of Agapetus boulderensis and
Ithytrichia clavata in 1993. This assemblage makes
up >50% of all species of caddisflies reported
from Arizona (Houghton, 2001; Blinn and
Ruiter, 2006; P. Spindler, in litt.). Thus, Oak
Creek has the highest reported number of
species of caddisflies for any drainage in the
state. Next highest drainages include the upper
Little Colorado River (52), Black River (39),
Fossil Creek (37), and Tonto Creek (31; Blinn
and Ruiter, 2006).

Historically, May (1972) collected Anabolia
bimaculatus in Oak Creek, while M. W. Sander-
son collected four additional limnephilids
(Clistoronia maculatus, Limniphilus diversus, L.
Jrijole, L. spinatus), as well as Agapetus boulder-
ensis, Culoptila cantha, C. thoracica, Marilia
Sflexwosa, M. nobsca, Micrasema onisca, Ochrotrichia
spinosa, and Polycentropus variegatus in Oak
Creek during 1976-1984. None of the above
13 species were collected on any of our 45
collection dates. Most of these species occur in
streams with low embeddedness of channels
throughout Arizona (<6%; Blinn and Ruiter,
2006). The two limnephilids (Hesperophylax
magnus and Limnephilus lithus) currently in
Oak Creek occur in streams with a mean
embeddedness of channel =24%. Sanderson
collected 29 of the species we collected, seven
of which had a mean embeddedness of
channel >30% in Arizona. These distribution-
al patterns and the relatively low Sgrenson’s
similarity index (0.545) between collections by
Sanderson and our recent collections suggest
conditions in Oak Creek have been modified
over the past several decades. Protoptila balmor-
hea, 1. clavata, Leucotrichia Ulimpia, Neotrichia
okopa, and Lepidostoma aporna were not report-
ed by Blinn and Ruiter (2006). With the
inclusion of these species, the total number
of species of caddisflies reported in Arizona is
109.
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Simpson’s similarity index showed consider-
able spatial differences in species assemblages
along Oak Creek. The greatest change in
Simpson’s similarity index for assemblages oc-
curred between the two lowest sites (Sedona and
Page Springs) where intense ranching occurred.
Additional reasons for these changes may relate
to a suite of subtle interactions of larvae to
thermal conditions, time and intensity of dis-
charge, photoperiod, food, riparian composition
and cover, and predators that affect rates and
timing of ontogenetic events and composition of
substrate. Usio (2000) reported significant re-
ductions in aquatic invertebrates in the presence
of crayfish. Pomeroy et al. (2000) showed higher
processing rates by aquatic insects for native
riparian vegetation compared to invading species
such as Tamarix ramosissima, and Swan and
Palmer (2004) detected a relationship between
species of insects and rate of leaf-pack break-
down during summer.

Recently, Forest Guardians petitioned the
United States Fish and Wildlife Service to list
12 species of caddisflies in Southwest Region
as critically imperiled or imperiled (N. ].
Rosmarino and J. J. Tutchton, in litt.). Four
of these species (Apatania arizona, Culoptila
kimminsi, C. moselyi, Chimarra primula) occur in
upper Oak Creek. This recommendation fur-
ther supports the need to preserve and protect
the integrity of the Oak Creek drainage by
regular monitoring. Other streams in Arizona
that currently support these species include
East Turkey Creek and the South Fork of Cave
Creek in the Chiricahua Mountains, Little
Colorado River and Rosey Creek in Greer,
Arizona, the South Fork of the Little Colorado
River, and Upper Tonto Creek (Blinn and
Ruiter, 2006).

In conclusion, assemblages of caddisflies in
Oak Creek change rapidly due to dramatic
changes in life zones and channel conditions
along the stream corridor. Spring surges of water
play a selective role in larval success and
ultimately in number and diversity of adults that
are captured. We provide a baseline for moni-
toring change in health of the ecosystem in Oak
Creek during the extended drought in the
Southwest predicted by Seager et al. (2007).
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the abstract. We also thank two reviewers who made
comments on an early draft of the manuscript,
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